Abstract
well as wheat grains for food and feed purposes (Campaňa et al., 1986; Campaňa et al., 1993; 97 Manickavasagan et al., 2007; Warchalewski et al., 1998; Vicaş and Mintaş, 2011) .
98
The elevated temperature and time of exposure of wheat during the drying process may that the use of a temperature below 65ºC does not damage the gluten of wheat, which may be 102 responsible to conserve the viability of wheat seeds. The physical, chemical and baking
103
properties of wheat dried with MW energy were also investigated by Campaña et al. (1993) .
104
They found that the baking quality was negatively affected by MW energy, and time of 105 exposure.
106
The evaluation of wheat grain odour and colour following gamma and MW irradiation was 107 studied by Warchalewski et al. (1998) . They found that the sensory evaluation of a grain odour
108
proved that applied treatments with MW energy did not cause significant changes in the grain 109 odour and the total colour difference between MW irradiated samples and the control seed, 110 which were exposed to gradual increases in temperature. Considering examined properties of the 111 grain it can be concluded that both treatments will not change grain quality in terms of odour and 112 colour when extreme doses and irradiation time used in this process are avoided. moisture migration by diffusion, and (6) elliptical geometry of kernels.
149
The energy balance during MW drying can be expressed as (Campanone et al., 2005) :
where,  is the bulk density of wheat (kg m -3 ), Cp is specific heat capacity (J kg
volume (m 3 ) and P is the MW power absorption by wheat (W).
154
Equation 1 can be expressed in terms of generic product shape index called GI (0 for slabs, 1 for 155 infinite cylinders and 2 for spheres) as follows:
where, x is the radial coordinate.
158
In order to solve the above equation, the following assumptions for the boundary conditions were 159 taken:
, Ta is ambient temperature (°K).
165
The absorption of MW energy was calculated by Lambert´s law governed by the following 166 equation given by Swami et al. (1982) :
Where, Po is the power at the surface (W) which was determined by calorimetric method (Lin et 
 is the wavelength of MWs in free space with  = 122.4 mm at 2450 MHz frequency and
178
Ta=20°C.
179
The thermal and dielectric properties of wheat were obtained from literature and are shown in 
184
The boundary conditions applied to solve Eq. (9) are: 
where, D0 is the pre-exponential factor for diffusion which is equal to 7. 
216
The equation of conservation of mass
The equation of energy for air:
The equation of energy for the product:
226
The equation of mass conservation was used in the absence of condensation, corresponding to 227 the criterion:
229
If the above criterian was not satisfied, then the absolute humidity (W) was taken as the 230 saturated absolute humidity (Wsat (Ts) ) at the same temperature.
231
Lewis (1921) had proposed that the rate of drying was directly proportional to the 232 difference between the moisture content of dried material and the equilibrium moisture 233 content of the same material at equilibrium with the ambient air. Therefore, the equation of 234 thin layer drying of wheat can be written as: taken from the equilibrium moisture content value predicted by the convective model.
254
Mathematically, it can be expressed as: 
Materials and methods

260
Samples preparation
261
An experimental study was conducted using a US soft red winter wheat of an initial moisture 
Germination test
279
From each drying treatment, 25 grains were placed in a Petri plate with filter paper and 10 ml of 280 water was added. After 7 days, the number of germinated seeds was counted. demonstrates that the developed model was able to predict the drying of wheat very well. All the samples reached equilibrium moisture content within 200 s. Figure 7 shows the model 317 predicted relation between drying rate and moisture content as predicted by the coupled model.
318
The shapes of these curves are significant and indicate that the drying rate increased rapidly with 319 initial time until a peak constant rate period and then decreased slowly. The initial rate of rise of 320 drying rate indicates initial heating period before water molecules started to evaporate from the 321 sample. The peak drying rate was highest for the 25% initial moisture content sample, followed 322 by the 20% and 15% initial moisture content samples. Figure 8 convective drying will be slower than MW drying without air circulation. Figure 9 shows the 328 comparison of predicted temperatures of wheat by the two models at different times of drying.
329
The coupled model predicted a lower temperature of wheat than the MW model. This shows that 
